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WKDQ 12 DQG 12 GXH WR LWV FRPSDUDWLYHO\ KLJKHU FRQFHQWUDWLRQ 12x HPLVVLRQV HVFDODWH JOREDO LVVXHV OLNH
UHVSLUDWRU\ GLVHDVHV SKRWRFKHPLFDO VPRJ DFLG UDLQ JUHHQKRXVH HIIHFWV DQG VWUDWRVSKHULF R]RQH GHSOHWLRQ 7KH
JHQHVHVRI12xFDQEHFDWHJRUL]HGIURPQDWXUDODQGDQWKURSRJHQLFVRXUFHVVXFKDVPRELOHDQGVWDWLRQDU\HPLVVLRQV
IURP,&HQJLQHV'XHWRKXJHSRSXODWLRQJURZWKDQGOLYLQJVWDQGDUGWUDQVSRUWDWLRQFRQWULEXWHVDPDMRUSDUW/LPLWHG
VRXUFHV RI IRVVLO IXHO DQG VXEVHTXHQWO\ LQFUHDVLQJ FRVW RI IXHO PRUH HIILFLHQW HQJLQHV DUH SUHIHUUHG 'LHVHO
FRPSUHVVLRQLJQLWLRQHQJLQHVUXQDWKLJKHUFRPSUHVVLRQUDWLRDQGUHVXOWLQKLJKHUWKHUPDOHIILFLHQFLHVDORQJZLWK
ORZ&2HPLVVLRQV$SDUWIURPORZHU&2DQG+&HPLVVLRQV12xDQG30DUHWKHPDMRUGUDZEDFNRIGLHVHOHQJLQH
HPLVVLRQVRYHUJDVROLQHHQJLQHV'LHVHO12xFRQWUROLVWKHPDMRUFKDOOHQJHDV30FDQEHFRQWUROOHGYLD'3)PRUH
WKDQ7KHFKDOOHQJHVEHFRPHPRUHVHYHUHGXULQJFROGVWDUWRIGLHVHOH[KDXVWV'XULQJFROGVWDUWQRDSSDUHQW
FRQYHUVLRQRQ+&&212xFRXQWHUSDUWGXHWRORZUHDFWLYLW\RIFDWDO\VWVDWORZWHPSHUDWXUHDVWKH\SDVVWKURXJK
WKHFDWDO\WLFFRQYHUWHU)RUKHDY\GXW\GLHVHOHQJLQHVSUREOHPEHFRPHFULWLFDODV6&5UHDFWRUDUHDERXWWZRIROGV
WKDWRIHQJLQHGLVSODFHPHQWYROXPHDQGKHQFHWLPHGHOD\WRUHDFK6&5OLJKWRIIWHPSHUDWXUH/27$VLJQLILFDQW
12xVOLSFDWDO\VWEHIRUH6&5/27LVWKHPDMRUFKDOOHQJHWRPHHWWKHVWULQJHQWHPLVVLRQVWDQGDUGV6RWRUHGXFH12x
LQ DIWHU WUHDWPHQW ZDUP XS LV QHFHVVDU\ DV HQJLQH WDNHV DSSUR[LPDWHO\  V IRU WKH 6&5 WR UHDFK /27 7ZR
PHWKRGV DUH DYDLODEOH LH DGGLWLRQDO KHDW VRXUFH DFWLYH VROXWLRQ DQG WKHUPDO LQHUWLD RI WKH V\VWHP RU SDVVLYH
VROXWLRQDV LQYHVWLJDWHGE\0LDRHWDO 7KDW LVEH\RQG WKHVFRSHRI WKHSUHVHQWVWXG\7KLVSDSHUUHYLHZV
FDWDO\VLVFRQWURORIORZWHPSHUDWXUH12xHPLVVLRQV(QYLURQPHQWDOUHJXODWLRQVUHJDUGLQJ12xHPLVVLRQVDUHVWUDLQHG
WREHFRPHPRUHVWULQJHQWLQWKHFRPLQJ\HDUV:RUOGZLGHGLIIHUHQWJXLGHOLQHVKDYHEHHQLPSOHPHQWHGWRFRQWUROWKH
GLIIHUHQW YHKLFXODU12x HPLVVLRQV 7KH LQFUHDVLQJO\ VWULQJHQW OHJLVODWLRQV KDYH EHHQ H[HFXWHG IURP(XUR 9 WR
(XUR9,IRU/'9+'9OLJKWKHDY\GXW\YHKLFOHVLQWDEOH
7DEOH'LHVHOHQJLQHHPLVVLRQOHJLVODWLRQV
3ROOXWDQW(PLVVLRQV /'9PJ.P +'9PJN:K
 (XUR (XUR (XUR9 (XUR9,
12x    
6RRW    

1RPHQFODWXUH   
/27 /LJKW2II7HPSHUDWXUH 1& 1DQRFDVWLQJ  :, :HW,PSUHJQDWLRQ
/'9 /LJKW'XW\9HKLFOHV &3 &RSUHFLSLWDWLRQ  '3 'HSRVLWLRQ3UHFLSLWDWLRQ
+'9 +HDY\'XW\9HKLFOHV 6* 6ROJHO   ,&3 ,QYHUVH&RSUHFLSLWDWLRQ
;12 FRQYHUVLRQRI12 61 6HOHFWLYLW\RI1  *+69 *DV+RXUO\6SDFH9HORFLW\
1.1. NOx reduction techniques  
7KHUHDUHWKUHHPDMRUFDWDO\WLFWHFKQLTXHVWKDWDUHZLGHO\XVHGIRUUHPRYDORI12xHPLVVLRQVIURPGLHVHO
RSHUDWHG DQG OHDQEXUQ HQJLQHV DPPRQLD XUHDVHOHFWLYH FDWDO\WLF UHGXFWLRQ 6&5 DQGK\GURFDUERQ +&6&5
12x VWRUDJH 7KH 6&5 WHFKQRORJ\ LV WKH GRPLQDWLQJ GH12x WHFKQRORJ\ WR PHHW WKH FXUUHQW DQG IXWXUH 12x
HPLVVLRQUHJXODWLRQVLQDZLGHUDQJHRIDSSOLFDWLRQVIRUOLJKWDQGKHDY\GXW\RQURDGGLHVHOYHKLFOHVDQGHQJLQHV
7RPHHWWKHFXUUHQW(XUR9,DQG6&5FDWDO\VWKDVEHHQLPSOHPHQWLQJVLJQLILFDQWDGYDQFHPHQWV7KHDOWHUQDWLYH
1+JHQHUDWLQJ V\VWHP FRQFHSWV EDVHG RQ WKH KHDWHG VROLG XUHD EXW SUREOHPV VXFK DV VWRUDJH
WUDQVSRUWDWLRQOHDNDJH DQGFRUURVLRQRI1+DUH LQHYLWDEOH5HFHQW HPSKDVLVKDVEHHQSODFHGRQ LPSURYLQJ ORZ
WHPSHUDWXUH GH12x SHUIRUPDQFH WR IXUWKHU UHGXFH 12x HPLVVLRQ IURP FROGVWDUW DQG XUEDQ GULYLQJ ORZORDG
FRQGLWLRQV
1.2. Low temperature NOx reduction catalystsDQGLPSRUWDQWUHDFWLRQV
)RUYHKLFXODUDSSOLFDWLRQVGLIIHUHQWFDWDO\WLFPDWHULDOVOLNHFRSSHUFKURPLXPQLFNHOFREDOWHWFZHUHWULHG
7KHVHPHWDOVKDYHH[FHOOHQWSURSHUWLHVHJKLJKVSHFLILFDFWLYLW\KLJKUHVLVWDQFH WR WKHUPDOGHJUDGDWLRQVXSHULRU
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FROG VWDUW SHUIRUPDQFH DQG ORZ GHDFWLYDWLRQ FDXVHG E\ IXHO VXOIXU 3HQJ HW DO  9DQDGLD±WLWDQLD EDVHG
FRPPHUFLDOFDWDO\VWVV\VWHPVKDYHJDLQHGSUDFWLFDOVLJQLILFDQFHGXHWRUHVLVWDQFHWR62DQG+212R[LGDWLRQDW
ORZWHPSHUDWXUHKDV VLJQLILFDQW UROH LQ WKH6&5UHDFWLRQ=KDQJ SURSRVHG WKDW VXSHUR[LGH LRQVFRXOGDOVR
LPSURYH12R[LGDWLRQWR12,QWKHSDVWVHYHUDO\HDUVPXFKDWWHQWLRQKDVEHHQSDLGWREDVHPHWDOFDWDO\VWV0Q2x
ZKLFK SRVVHVVHV PXOWLSOH YDOHQFHV RI 0Q LV YHU\ DFWLYH IRU PDQ\ UHDFWLRQV VXFK DV 6&5 92& &2 DQG +&
R[LGDWLRQ=RXHWDO7KH³VWDQGDUG´6&5UHDFWLRQ
ʹܰܪଷ ൅ ʹܱܰ ൅
ͳ
ʹ
ܱଶ ՜ ʹ ଶܰ ൅ ͵ܪଶܱሺͳሻ
UHTXLUH ORZWHPSHUDWXUH UHJLRQV IRU VWDWLRQDU\ SODQWV DQG KLJK WHPSHUDWXUH RI ±ƕ& QRW SRVVLEOH LQ GLHVHO
HQJLQHV5HFHQWO\ WKH RWKHU UHDFWLRQVRFFXUULQJZKHQ12 LV DOVRSUHVHQW LQ WKH H[KDXVWV KDYHEHHQ DQDO\VHG LQ
GHWDLOVLQWKHODVWWZRGHFDGHVZLWKWKH³IDVW´6&5ZLWKVWRLFKLRPHWU\ZLWKHTXLPRODUTXDQWLWLHVRI12DQG12LQ
WKHIHHGPL[WXUHDVVKRZQLQHTXDWLRQ
ʹܰܪଷ ൅ ܱܰ ൅ ܱܰଶ ՜ ʹ ଶܰ ൅ ͵ܪଶܱሺʹሻ
(TQVKRZVSURPRWLRQDOHIIHFWRI12LQWKLVIDVW6&5UHDFWLRQ.DWRHWDO>@126&5UHDFWLRQVLJQLILFDQWO\
FRQWULEXWHVWRRYHUDOOGH12[SURFHVVHTQ
ͺܰܪଷ ൅ ͸ܱܰଶ ՜ ͹ ଶܰ ൅ ͳʹܪଶܱሺ͵ሻ
)DFWRUVLQIOXHQFLQJ12x reduction 
7KHSUHSDUDWLRQPHWKRGVWXG\FDUULHGRXWE\.DQQLVWRHWDOFRPSDUHGGLIIHUHQWSUHUDWLRQPHWKRGV
IRUWKHSUHSDUDWLRQRI$J$O2FDWDO\VWVDQGUHYHDOHGWKDWSRURXVVWUXFWXUHRIVROJHOSUHSDUHGFDWDO\VWVDPSOHVKDG
KLJKDFFHVVLELOLW\WRWKHDFWLYHVLWHV+HQFHEHWWHUFDWDO\WLFDFWLYLW\DQGVHOHFWLYLW\IRUOHDQEXUQ12[UHGXFWLRQ
$FFRUGLQJWR;36VWXGLHVJLYHQE\.RED\DVKLHWDO9DQDGLXPEDVHGLQGXVWULDO6&5FDWDO\VWVOLNH
92:27L2FDWDO\VWVWURQJO\GHSHQGXSRQR[LGDWLRQVWDWHRIYDQDGLXPVSHFLHV9RQ7L26L29H[LVWVRQ
7L2 ,VRODWHGPRQRPHULF YDQDGLXP VSHFLHV FKDQJHG WR SRO\PHULF YDQDGLXP VSHFLHV DQG VKLIW R[LGDWLRQ VWDWH RI
YDQDGLXPWRKLJKVWDWH7KLVVKLIWRIR[LGDWLRQVWDWHRIYDQDGLXPLVGXHWRHQKDQFHPHQWRI9SELQGLQJHQHUJ\
GHFUHDVH62R[LGDWLRQDFWLYLW\DQGLQWXUQ12[6&5DFWLYLW\
'LIIHUHQWGRSDQWVVWXGLHGLQRUGHUWRHQKDQFHGLVSHUVLRQDQGR[LGDWLRQVWDWHRQFDWDO\VWVXUIDFH;LRQJHW
DO6KHQHWDOIRXQGWKDWGRSLQJRILURQLQFUHDVHGWKHR[\JHQFRQFHQWUDWLRQRQWKHVXUIDFHRIFDWDO\VW
7KHUHVXOWVVXJJHVWHGWKDWLURQGRSLQJHQKDQFHGWKHR[LGDWLRQVWDWHRI0QFDWDO\VWVXUIDFH
&DWDO\VWVV\QWKHVL]HGE\YDULRXVPHWKRGVDQGKDYLQJGLIIHUHQWVWUXFWXUHVGXHWRWKHLUKLJKVXUIDFHDUHDDQG
DFLGLW\ DULVLQJ IURP WKH SRURXV RU OD\HUHG VWUXFWXUH RI FDWDO\VWV LOOXVWUDWH WKH VWUXFWXUH DGYDQWDJH RI FDWDO\VW LQ
VHOHFWLYHFDWDO\WLFUHGXFWLRQRI12[E\DPPRQLD1+6&5LQDZLGHWHPSHUDWXUHUHJLRQ+RZHYHUWKHVWUXFWXUH±
SHUIRUPDQFHUHODWLRQVKLSVRIWKHVHFDWDO\VWVHVSHFLDOO\PDQJDQHVHDQGFHULDFDWDO\VWVVWLOOQHHGWREHVWXGLHGGHHSO\
IRUGHYHORSLQJFHULDEDVHG1+6&5FDWDO\VWV7KHUHIRUHVWUXFWXUHDQGGRSDQWGHVLJQLQJFDQFRQWUROWKHPRELOLW\
DQGDFWLYLW\RIODWWLFHR[\JHQWRLQFUHDVHWKHVXUIDFHDUHDDQGDFLGLW\RIWKHFDWDO\VW<XHWDOHJ$QDWDVH
7L2VXSSRUWFODULILHVVWUXFWXUH±DFWLYLW\UHODWLRQVKLSRI)H927L2FDWDO\VWIRUWKHGH12[SURFHVV)H92DFWLYH
SKDVHZLWK WKH W\SLFDODQDWDVH VWUXFWXUHH[LVWHGRQ WKH VXSSRUW VXUIDFHZLWKDKLJKGHJUHHRIGLVSHUVLRQ+LJK1
VHOHFWLYLW\ZDVREVHUYHGDWHOHYDWHGWHPSHUDWXUHHIIHFWLYHO\GHFUHDVHWKHXQZDQWHG1+XQVHOHFWLYHR[LGDWLRQRQ
WKH )H927L2 FDWDO\VW VXUIDFHHQULFKHG 92[ VSHFLHV ZDV DFFRXQWDEOH IRU VXSHULRU 1+6&5 DFWLYLW\ DQG
+262GXUDELOLW\
 5HFHQWEHVWGH12[OLWHUDWXUHV
6&5 WHFKQRORJ\ RIIHUV D SURPLQHQW WHFKQRORJ\ZKLFK LV FRPPHUFLDOO\ YLDEOH IRU VWDWLRQDU\ DQGPRELOH
DSSOLFDWLRQV7KHUH LVD OLPLWHGQXPEHURI UHVHDUFKDYDLODEOHRQFROGVWDUWGH12xFRQYHUVLRQ WHFKQRORJ\5HFHQW
JRRGLQYHVWLJDWLRQVDUHWDEXODWHGDWDJODQFHLQWDEOH
642   Deepak Yadav and R. Prasad /  Procedia Technology  24 ( 2016 )  639 – 644 
7DEOH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